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Acute ethanol intoxication increases the production of reactive oxygen species (ROS). Hemorrhagic shock with subsequent
resuscitation (H/R) also induces ROS resulting in cellular and hepatic damage in vivo. We examined the role of acute ethanol
intoxication upon oxidative stress and subsequent hepatic cell death after H/R. 14h before H/R, rats were gavaged with single dose
of ethanol or saline (5g/kg, EtOH and ctrl; H/R EtOH or H/R ctrl, resp.). Then, rats were hemorrhaged to a mean arterial blood
pressure of 30±2mmHg for 60min and resuscitated. Two control groups underwent surgical procedures without H/R (sham ctrl
andsham EtOH,resp.).Livertissueswereharvestedat2,24,and72hafterresuscitation.EtOH-gavageinducedhistologicalpicture
of acute fatty liver. Hepatic oxidative (4-hydroxynonenal, 4-HNE) and nitrosative (3-nitrotyrosine, 3-NT) stress were signiﬁcantly
reduced in EtOH-gavaged rats compared to controls after H/R. Proapoptotic caspase-8 and Bax expressions were markedly
diminished in EtOH-gavaged animals compared with controls 2h after resuscitation. EtOH-gavage increased antiapoptotic Bcl-
2 gene expression compared with controls 2h after resuscitation. iNOS protein expression increased following H/R but was
attenuated in EtOH-gavaged animals after H/R. Taken together, the data suggest that acute EtOH-gavage may attenuate H/R-
induced oxidative stress thereby reducing cellular injury in rat liver.
1.Introduction
Excessive ethanol consumption is one of the leading causes
of mortality in the United States [1]. It is associated with
one-thirdofalltraumaticinjurydeathsperyear[2,3].About
47% of trauma patients have positive blood alcohol concen-
trations(BACs)atthetimeofinjury,ofthoseupto15%have
legal intoxication BAC levels [4–6]. Ethanol consumption is
associated with increased risk of inﬂammatory and infectios
complications in trauma patients such as pneumonia, sepsis,
and multiple organ failure (MOF) and higher morbidity and
mortality [7–13]. Controversy results reported from others
show that acute ethanol intoxication does not aﬀect the
outcomeaftertrauma[13,14].Ourrecentﬁndingsshowthat
acute ethanol gavage improves survival after hemorrhagic
shock with subsequent resuscitation (H/R) in vivo [15].
Other clinical results show that acute ethanol intoxication is
associated with decreased 24h mortality after trauma (own
unpublished data).
Acute ethanol abuse suppressed innate immunity and
production of the proinﬂammatory cytokines as well as
their release in human and animal studies [7, 8, 16–18].
Previously, we demonstrated an anti-inﬂammatory eﬀect
of an acute ethanol gavage, which was associated with
reduced NF-κB activity and improved H/R-induced liver
injury and a reduction in 72h mortality in rats after massive
blood loss [15]. However, excessive ethanol consumption
is linked to increased production of reactive oxygen and
nitrogen species (RONS) and oxidative stress due to the
metabolism of ethanol resulting in liver injury [19–21].
Chronic ethanol use is described to increase inducible
nitric oxide synthase (iNOS) expression which leads to
high amounts of nitric oxide and its oxidation product2 Oxidative Medicine and Cellular Longevity
peroxynitrite in the liver [22–24]. Peroxynitrite represents
an important DNA-damaging reactive nitrogen species after
an ethanol binge [22, 23, 25]. Increased formation of RONS
by hepatocytes, activated macrophages, and the inﬁltrating
neutrophils damages hepatic proteins, lipids, and DNA
[26–28].
Moreover, ROS can initiate both apoptosis and necrosis
[29–31]. An alternative pathway in which ROS may damage
the liver cells is mitochondrial damage via the multidomain
Bcl-2 family of proteins, including Bax and Bcl-2. Increased
expressionofproapoptotic Baxhasbeenobservedinpatients
with alcoholic liver disease [32]. Oxidative stress can con-
tribute to liver dysfunction after H/R [33]. Therefore, RONS
may play a crucial role in the induction and progression of
hepatic injury after H/R.
Finally, the harmful pathophysiological changes after
H/R can lead to MOF, with increased mortality after
trauma up to 60% [34–37]. Hemorrhagic shock initiates an
inﬂammatory response characterized by enhanced activation
of immune cells (monocytes, polymorphonuclear leuko-
cytes, PMNL), production and release of proinﬂammatory
cytokines, accumulation of neutrophils in the liver, and
enhanced production of RONS [38–40]. These changes also
result in damaged cell membranes, DNA, and proteins, with
subsequent organ damage induced by hemorrhagic shock
[27, 28, 41–43].
To address this important issue, we analyzed hepatic oxi-
dative and nitrosative stress and apoptosis in rats after acute
ethanol gavage prior H/R.
2.MaterialandMethods
2.1. Animals and Experimental Model. Female LEWIS rats
(180–250g) were obtained from Harlan (Borchen, Ger-
many). Fourteen hours before H/R, rats were gavaged
with single dose of ethanol or saline (5g/kg, 30% EtOH,
H/R EtOH or H/R ctrl, resp.). After an overnight fast,
rats were anesthetized with isoﬂurane (1.5%), and the
right carotid artery, the right femoral artery, and the left
jugularveinwerecannulatedwithpolyethylenetubing.Then,
hemorrhagic shock was induced over 5min by withdrawing
blood from the right carotid artery into a heparinized
syringe (10U) to a mean blood pressure of 30 ± 2mmHg.
Systemic blood pressure was monitored in the right femoral
artery using a blood pressure analyzer (BPA 400, Digi-
Med, Louisville, KY). Constant pressure was maintained by
furtherwithdrawalofsmallvolumesofbloodasnecessaryfor
60min. Then, rats were resuscitated by transfusion of 60% of
the shed blood plus a volume of lactated Ringer’s solution
corresponding to 50% of the shed blood volume with a
syringe pump over 30min via the left jugular vein [39]. At
the end of resuscitation, catheters were removed, the vessels
were occluded and the wounds were closed. Control groups
underwent all surgical procedures without H/R (sham ctrl
and sham EtOH, resp.). Animals were reanesthetized at 2h,
24h and 72h after the end of resuscitation and liver was
harvested. For each rat, the two right dorsal liver lobes
were snap-frozen in liquid nitrogen. The remaining liver
was ﬂushed with normal saline, infused and ﬁxed with
10% buﬀered formalin through the portal vein, embedded
in paraﬃn, and subsequently sectioned and stained. Body
temperature was measured in the colon and maintained at
37◦C throughout the experiment with a heating pad. Animal
protocolswereapprovedbytheVeterinaryDepartmentofthe
Regional Council in Darmstadt, Germany.
2.2. Group Allocation. Twenty-four animals were randomly
allocated to 4 groups. Each group included 6 rats. 2 groups
of sham-operated animals underwent surgical procedures,
but H/R was not carried out. Two groups of shock animals
underwent hemorrhage followed by resuscitation. In one
sham and one shock group, respectively, rats were gavaged
either with EtOH or saline in the same way as described
above. Tissue was harvested at 2h after resuscitation. Twelve
animals were also randomly allocated to 4 groups (n = 3
per each group) and euthanised at 24h after resuscitation.
Twenty-four animals were allocated to 4 groups as described
above and euthanised at 72h after resuscitation (n = 6).
2.3. Immunohistochemistry. Paraﬃn-embedded liver tissue
was sectioned, deparaﬃnized, and rehydrated. Then endoge-
nousperoxidaseactivitywasblockedwithhydrogenperoxide
(2% for 10min). Hepatic sections were incubated with
blocking solution (10% Tween 20 and 2% bovine serum
albumin in phosphate-buﬀered saline) for 1h at RT. Rabbit
antibody against 4-hydroxynonenal (4-HNE, Alpha Diag-
nostics International, Biotrend, Cologne, Germany) diluted
1:500 in phosphate-buﬀered saline (pH 7.4) containing
10% Tween 20 and 1% bovine serum albumin was used
as primary antibody. Anti-rabbit horseradish peroxidase-
linked secondary antibody and diaminobenzidine (Peroxi-
dase EnVision Kit, DakoCytomation, Hamburg, Germany)
were used to detect speciﬁc binding. Sections were coun-
terstained with hematoxylin. The immunostained tissue
sections were captured at 400x and analyzed in a blinded
manner. The extent of labeling in the liver lobule was deﬁned
as the percentage of the ﬁeld area within a preset color range
determined by the software (Adobe Photoshop 7.0). Data
from each tissue section (10 ﬁelds per section) were pooled
to determine mean values, as described previously [44].
After blocking as described above, the following staining
protocol was used for the detection of 3-nitrotyrosine. A
mouse antibody against nitrotyrosine (HyCult Biotechnol-
ogy, Uden, the Netherlands) diluted 1:500 in phosphate-
buﬀered saline (pH 7.4) containing 10% Tween 20 and 1%
bovine serum albumin was used as primary antibody. A
kit system consisting of anti-mouse horseradish peroxidase-
linked secondary antibody (Simple Stain Rat MAX PO
MULTI, Histoﬁne, Nichirei Biosciences Inc., Tokyo, Japan)
and diaminobenzidine (Detection UltraVision Plus Detec-
tion System DAB, Lab Vision, Fremont, USA) were used to
detect speciﬁc binding. Sections were counterstained with
hematoxylin, captured at 400x, and analyzed in a blinded
manner. The extent of labeling in the liver lobule was deﬁned
as the percentage of the ﬁeld area within a preset color range
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from each tissue section (10 ﬁelds per section) were pooled
to determine mean values, as described previously [40].
2.4. Western Blotting for Intracellular Signalling. Liver tissue
was homogenized in lysis buﬀer at 4◦C, followed by cen-
trifugation for 30min at 4◦C at 20.000g. Supernatants were
stored at −80◦C for later analysis. Lysates (40μg protein)
were separated by electrophoresis on 12% polyacrylamide
SDS gels and transferred to nitrocellulose membranes
(Amersham-Buchler, Braunschweig, Germany). iNOS was
detected using rabbit Inducible Nitric Oxide Synthase 2
(iNOS/NOS-2) antibody (Alpha Diagnostic International,
BioTrend, Cologne, Germany). Determination of β-actin
with anti-β-actin antibody (Sigma, Taufkirchen, Germany)
served as a loading control. Blots were blocked (10% nonfat
dry milk in 1mM Tris, 150mM NaCl, pH 7.4) for 1h,
incubated 1h at RT with primary antibody (diluted accord-
ing to manufacturer’s instructions in blocking buﬀer with
0.5% tween 20 and 0.5% BSA) and then incubated 1h
with horseradish peroxidase-conjugated secondary antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) diluted
1:1000 in blocking buﬀer with 0.5% tween 20 and 0.5%
bovine serum albumin at RT. Proteins were detected with
ECL western blotting detection reagents (GE Healthcare,
Munich, Germany). Films were digitized, and the inte-
grated density of individual bands was determined using
the software Multianalyst (Bio-rad, Munich, Germany). By
densitometric measurements using the same software the
amount of protein expression was normalized to β-actin.
2.5. Ribonucleic Acid (RNA) Isolation, Quantitative Reverse-
Transcription-Polymerase Chain Reaction (RT-PCR). Total
RNA of snap-frozen liver lobes was isolated using the
RNeasy-system (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions. The residual amounts of
DNA remaining were removed using the RNase-Free DNase
Set according to the manufacturer’s instructions (Qiagen,
Hilden, Germany). The RNA was stored immediately at
−80◦C. Quality and amount of the RNA were determined
photometrically using the NanoDrop ND-1000 device (Nan-
oDrop Technologies, Wilmington, DE, USA).
RNA was subsequently used for qRT-PCR. In brief,
100ng of total hepatic RNA was reversely transcribed using
the Aﬃnity script QPCR-cDNA synthesis kit (Stratagene, La
Jolla, CA, USA) following the manufacturer’s instructions.
To determine the mRNA expression of Bcl-2, BAX, and Cas-
pase 8, qRT-PCR was carried out on a Stratagene MX3005p
QPCR system (Stratagene) using gene-speciﬁc primers
for rat Bcl-2 (NM 016993, UniGene#: Rn.9996, Cat#:
PPR06577A), rat BAX (NM 017059, UniGene#: Rn.10668,
Cat#: PPR06496B), and rat Casp8 (NM 022277, UniGene#:
Rn.54474, Cat#: PPR06555A) purchased from SABiosciences
(SuperArray, Frederick, MD, USA). As reference gene, the
expression of GAPDH with rat Gapdh (NM 017008, Uni-
Gene#: Rn.91450, Cat#: PPR06557A, SABiosciences, Super-
Array, Frederick, MD, USA) was measured. Sequences of
these primers are not available. PCR reaction was set up with
1x RT2 SYBR Green/Rox qPCR Master mix (SABiosciences)
in a 25μL volume according to manufacturer’s instructions.
A two-step ampliﬁcation protocol consisting of initial denat-
uration at 95◦C for 10min followed by 40 cycles with 15s
denaturation at 95◦C and 60s annealing/extension at 60◦C
was chosen. A melting-curve analysis was applied to control
the speciﬁcity of ampliﬁcation products.
Relative expression of target gene mRNA level was then
calculated using the comparative threshold cycle (CT)
method (2−ΔΔCT method). In brief, the amount of target
mRNA in each sample was ﬁrst normalized to the amount
of GAPDH mRNA, to give ΔCT and then to a calibrator
consisting of samples obtained from the sham ctrl group.
The relative mRNA expression of target genes is presented
as fold change calculated in relation to sham ctrl after
normalization to GAPDH.
2.6. Statistical Analysis. Diﬀerences between groups were
determined by one-way analysis of variance (ANOVA) using
a multiple comparison procedure (Student-Newman-Keuls).
ChangesintargetgeneexpressionwereanalyzedbyWilcoxon
matched-pair analysis followed by Bonferroni correction.
A P value of less than 0.05 was considered signiﬁcant.
Data are given as mean ± standard error of the mean.
All statistical analyses were performed employing GraphPad
Prism 5 (Graphpad Software, Inc., San Diego, CA).
3. Results
3.1. Oxidative and Nitrosative Stress after Hemorrhage and
Resuscitation. Lipid peroxidation and protein nitrosylation
occur after H/R. Hepatic oxidative stress was evaluated
by immunohistochemical staining of 4-hydroxynonenal (4-
HNE), indicating lipid peroxidation. The amount of 4-
HNE following H/R increased signiﬁcantly at 2h after
resuscitation (38 ± 2%), with further increase at 24h
after resuscitation (49 ± 2%) and a decline at 72h after
resuscitation (30 ± 3%) compared with sham-operated rats
(25 ± 2%, P<0.05, Figures 1(a)–1(d) and 3(a)). EtOH
gavage signiﬁcantly reduced hepatic 4-HNE at 2h (31 ±
1%) and 24h (32 ± 3%) after resuscitation compared to the
corresponding control groups after H/R (Figures 1(e)–1(h)
and 3(a)).
Hepatic nitrosative stress was evaluated by immunhis-
tochemical staining of 3-nitrotyrosine (3-NT) indicating
peroxynitrite-dependent nitrosylation of protein tyrosine
residues. 3-NT was signiﬁcantly increased in saline-gavaged
rats at 2h and 24h after resuscitation when compared to
sham-operatedrats(36 ±2,33 ±3%and14 ±2%,resp.,P<
0.05, Figures 2(a)–2(d) and 3(b)). EtOH gavage markedly
reduced 3-NT-stained areas at 2h (30 ± 2%) and 24h (21
± 3%) after resuscitation as compared to the corresponding
control groups after H/R (P<0.05, Figures 1(e)–1(h)
and 3(b)). 72h after H/R, 3-NT levels declined almost to
basal levels in both groups. Both hepatic oxidative and
nitrosative stress following H/R were largely diminished by
EtOH administration.4 Oxidative Medicine and Cellular Longevity
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Figure 1: Acute ethanol gavage decreases lipid peroxidation after hemorrhage and resuscitation. Rats were gavaged with saline (ctrl) or
ethanol (5g/kg, 30% EtOH) 12h before hemorrhagic shock and resuscitation (H/R). Sham-operated animals underwent the same surgical
procedures but H/R was not carried out. Immunohistochemical staining for 4-hydroxynonenal (4-HNE) reveals areas of lipid peroxidation.
4-HNE-stained, representative liver sections from sham-operated rats are given in (a) (ctrl) and (e) (EtOH). 4-HNE-stained, representative
liver sections from rats at 2h, 24h, and 72h after H/R are given in (c)-(d) (ctrl) and (f)–(h) (EtOH); bar is 50μm.
3.2. Analysis of Hepatic Gene Expression of Apoptosis Rele-
vant Genes after Hemorrhage and Resuscitation. The semi-
quantitative real-time PCR showed a decrease in Bcl-2:BAX
ratio at 2h after resuscitation in liver samples obtained
from H/R ctrl animals as compared to all other groups
(P<0.05, Figure 4(a)). The Bcl-2:BAX ratio was signiﬁ-
cantly enhanced in the H/R group of animals that received
EtOH gavage compared with H/R ctrl group (2h: 1.9 ± 0.3Oxidative Medicine and Cellular Longevity 5
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Figure 2: Acute ethanol gavage decreases protein nitrosylation after hemorrhage and resuscitation. Immunohistochemical staining for 3-
Nitrotyrosine (3-NT) reveals areas of protein nitrosylation. 3-NT-stained, representative liver sections from sham-operated rats are given
in (a) (saline control, ctrl) and (e) (acute ethanol gavage, EtOH). 3-NT-stained, representative liver sections from rats at 2h, 24h, and 72h
after H/R are given in (c)-(d) (saline control treatment, ctrl) and (f)–(h) (acute ethanol gavage, EtOH); bar is 50μm.
and0.3±0.1,resp.).Inbothgroups,thistrendwasalsofound
at 24h (H/R EtOH: 1.4 ± 0.2 and H/R ctrl: 0.6 ± 0.2, resp.)
and72h(72h:1.2 ± 0.2a n d0 .5 ± 0.2) after resuscitation,
with signiﬁcant diﬀerences between the 24h H/R EtOH
group versus sham (P<0.05). In parallel, caspase-8 mRNA
expression enhanced signiﬁcantly 2h after H/R compared to
other groups (2.5 ± 0.6, 0.8 ± 0.2 in the sham EtOH group
and 0.6 ± 0.1 in the H/R EtOH group, resp., P>0.05,
Figure 4(b)). Caspase-8 mRNA was not increased in livers
from rats receiving EtOH before H/R.6 Oxidative Medicine and Cellular Longevity
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Figure 3: Semiquantitative analysis of lipid peroxidation and
protein nitrosylation after acute ethanol gavage after hemorrhage
and resuscitation in a time course. The percentage of 4-HNE (a)
and 3-NT (b) positive cells (staining) was semiquantiﬁed in liver
sections 2h, 24h, and 72h after H/R in a blinded manner. Ctrl:
saline gavage, EtOH: ethanol gavage, sham: surgical procedure
without the onset of H/R and H/R: rats undergoing hemorrhagic
shock with subsequent resuscitation (
∗P < 0.05 versus both sham
groups, #P < 0.05 ctrl H/R 2hversusEtOHH/R 2hgroup,  P <
0.05 ctrl H/R 24h versus EtOH H/R 24h group, n = 3f o r2 4h
groups, and n = 6 for other groups).
These results indicate that EtOH reduces early apoptotic
changes at the gene expression level after H/R.
3.3. Analysis of the iNOS Expression after Hemorrhagic Shock
and Resuscitation. To analyze the mechanism inﬂuenced by
EtOH after H/R, we evaluated the iNOS expression in a time
course by western blotting in liver homogenates collected at
2h, 24h, and 72h after resuscitation. In parallel to previous
work, hepatic iNOS expression increased during the time
course after H/R compared with sham group. Densitometric
analysis of protein content related to β-actin content showed
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Figure 4:Eﬀectsofacuteethanolgavageonhepaticgeneexpression
ofBAX,Bcl-2,andcaspase8at2h,24h,and72hafterH/R.Hepatic
gene expression of Bax, Bcl-2 (a), and caspase 8 (b) was analyzed.
After normalization to GAPDH expression, the ratio of Bcl-2:Bax
gene expression was determined and caspase 8 gene expression
was measured as fold change compared to sham-operated control
group. Ctrl: saline gavage, EtOH: ethanol gavage, sham: surgical
procedure without the onset of H/R and H/R: rats undergoing
hemorrhagic shock with subsequent resuscitation (
∗P < 0.05
versus other groups, n = 3 for 24h groups, and n = 6 for other
groups).
an increase in iNOS at 2h after H/R to 37 ± 7%, 24h after
H/R to 41 ± 7%, and 72h after H/R to 28 ± 5%, respectively,
compared to 5 ± 2% in sham-operated rats (P<0.05,
Figures 5(a) and 5(b)). EtOH prevented the increase in the
iNOS expression at 2h after H/R to 17 ± 5%, 24h after H/R
to 20 ± 5%, and 72h after H/R to 14 ± 4%, respectively,
compared to ctrl rats after H/R (7 ± 2%; P<0.05, Figures
5(a) and 5(b)).
4. Discussion
Oxidative and nitrosative stress cause liver injury in sev-
eral hypoxia models and were associated with higher
apoptosis and necrosis rates [31]. Liver injury after
ischemia/reperfusion and H/R is closely associated with
oxidative and nitrosative stress and characterized by lipid
peroxidation, thereby damaging cell membranes, proteins,Oxidative Medicine and Cellular Longevity 7
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Figure 5: Acute ethanol exposure reduces hepatic iNOS gene
expression early after H/R. Saline (Ctrl) or ethanol (EtOH) gavaged
r a t sw e r es u b j e c t e dt oH / Ro rs h a mo p e r a t i o n .2 h ,2 4 h ,a n d
72h after the end of resuscitation, liver tissue was harvested and
western blotting for iNOS and β-actin was performed. (a): lanes
1–6 depict liver protein extracts from rats after sham operation
(sham, lanes 1–3: ctrl time course, lane 4–6: EtOH gavage time
course) or H/R (lanes 7–12: ctrl time course, lanes 13–18: EtOH
gavage time course). In (b), densitometric measurement after
normalization to β-actin staining is plotted (
∗P < 0.05 versus sham
and corresponding H/R EtOH group, n = 3 for 24h groups, and
n = 6 for other groups, representative gel from 3 experiments is
shown).
and DNA [31, 38, 45, 46]. Acute ethanol gavage induces
an acute fatty liver. After H/R, acute ethanol gavage reduces
proinﬂammatory changes, hepatic injury as well as mortality
rates, eﬀects that may be associated and explained with
downregulated NF-κB activation by ethanol in the H/R
in vivo model [15]. To further extend these results, we
hypothesized that generation of RONS may be inﬂuenced by
acute ethanol exposure. Accordingly, we now demonstrated
that both oxidative and nitrosative stress were strongly
diminishedbyethanolinourmodelofH/R.Thiseﬀectwasat
least partly brought about by a reduced expression of iNOS,
caspase 8, and proapoptotic Bax and increased antiapoptotic
Bcl-2 protein after acute ethanol gavage prior the onset of
H/R.
Positive BACs are frequently detected in trauma victims
[4–6]. Due to anti-inﬂammatory eﬀects of ethanol, numer-
ous studies associate ethanol intoxication with increased
risk of complications, such as secondary infections, MOF,
and higher morbidity and mortality after trauma [7, 10,
12, 47, 48]. Previously, we have shown that acute ethanol
gavage reduces mortality and hepatic injury after H/R in
vivo[15]. As suggested, we expected an additive and negative
eﬀect of acute ethanol gavage and H/R on liver function,
leading to increased risk for hepatic failure or damage in
our previous study [49]. However, only early hepatic injury
wasincreasedafterH/R,whereasharmfulpathophysiological
changes were decreased [15]. Elevated levels of RONS can
cause oxidative, and nitrosative cell stress [50]. Hepatic
damage after ethanol exposure is associated with oxidative
stress in diﬀerent experimental models [51–53]. An ethanol-
dependent increase in generation of RONS initiates lipid
peroxidation, oxidative, and nitrosative stress as well as
decreased hepatic antioxidant defense [54–57].
NF-κB induction after H/R is involved in subsequent
activation of the inﬂammatory cascade, ﬁnally culminating
in cellular activation and organ damage [38, 58, 59]. The
oxidative state of the cell inﬂuences the induction of NF-
κB[ 60]. Reactive oxygen intermediates may induce IkappaB
phosphorylation via tyrosine kinases, thereby activating
NF-κB[ 61]. Moreover, antioxidants, such as vitamin E,
its derivative pentamethyl-hydroxychromane, and green tea
catechins inhibit the NF-κBa c t i v a t i o n[ 38, 62]. In our
previous studies, we found that acute ethanol inhibits NF-
κB activation in our model of H/R, but the mechanism
was not clearly evaluated [15]. Here, taken into account the
dependence of NF-κB activation upon RONS production,
we detect an ethanol-induced reduction of oxidative and
nitrosative stress after H/R (Figures 1–3).
H/R-induced liver injury is associated with enhanced
lipid peroxidation and peroxynitrite anion and nitrotyrosine
adducts formation, which result from interaction between
superoxideanionandNO.IncreasesinNOoccurwheniNOS
is induced. H/R upregulates iNOS, an NF-κB-dependent
protein [63, 64]. To further evaluate the mechanism that
contributes to the production of RONS in our model, we
examined the expression of iNOS after ethanol gavage and
H/R. Previously, it has been reported that, after 4 weeks of
ethanol feeding, iNOS knockout mice and wild-type mice
treated with the iNOS inhibitor W1400 revealed blunted
liver damage, an eﬀect that was associated with a reduced
production of NO-derived prooxidants such as peroxynitrite
[65]. Furthermore, iNOS is upregulated after H/R, and iNOS
knockout mice are protected from lung and liver injury
produced by hemorrhagic shock [66]. Our previous study
demonstrates that alcohol gavage prior to H/R blunts NF-
κB activation as described above [15]. Consistent with these
results we now demonstrate a reduced iNOS expression
in acute ethanol gavaged rats after H/R, an eﬀect that
was associated with reduced oxidative and nitrosative stress
(Figures 1, 2,a n d5). These results further highlight the
central role of iNOS in the pathophysiology of resuscitated
blood loss.
Liver apoptosis after H/R is associated with enhanced
formationofRONS[38,67].Preventionofcaspaseactivation
reduced cellular injury after H/R [68, 69]. Chronic ethanol
feeding induces hepatic cell death by mechanisms including
Fas ligand expression, increased cytokine levels, and/or8 Oxidative Medicine and Cellular Longevity
oxidative stress [70–73]. Low concentrations of ethanol
were associated with caspase 8 activation in HepG2 cells in
vitro [74]. Due to well-described H/R-induced hepatocel-
lular apoptosis and necrosis, we hypothesized that ethanol
exposure prior to hypoxia (H/R) sensitizes the liver to
oxidative stress and potentiates hepatic injury. 2h after H/R
the mRNA expression ratio of hepatic Bcl-2 and Bax was
reduced indicating ongoing apoptosis. Proapoptotic Bax is
involved in perforation of membranes facilitating Ca2+ eﬄux
with subsequent activation of the caspase cascade [75]. Bcl-
2 is able to counteract the proapoptotic changes and plays
a role in the antioxidant pathway and the relative levels
of these two proteins determine cell death and survival
[76]. Interestingly, we found enhanced ratio of Bcl-2:Bax
at 2h and 24h after resuscitation in animals that received
an acute ethanol gavage before H/R (Figure 4(a)). This
early antiapoptotic phenotype was conﬁrmed by reduced
gene expression of caspase 8 in the ethanol-gavaged group,
whereas caspase 8 was strongly upregulated in the control
group after H/R (Figure 4(b)). Our ﬁndings support other
ﬁndings that H/R induces apoptosis [77]. However, H/R-
induced apoptosis can be reduced by acute ethanol gavage
in our model.
AcuteethanolintoxicationbeforetheH/Rdecreasesmor-
tality and ameliorates tissue damage [15]. Taken together,
this study describes that iNOS, an important NF-κB-
dependent proinﬂammatory mediator, is associated with
increased oxidative and nitrosative stress and apoptosis after
H/R. These harmful H/R-induced eﬀects are blunted after
acute ethanol gavage before H/R and may help to explain
the beneﬁcial eﬀects of an acute ethanol gavage prior to a
hemorrhagic insult.
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